Introduction
The use of appropriate medications for the treatment of chronic obstructive pulmonary disease (COPD) is essential to improve patient quality of life and minimize the substantial burden of illness that COPD places on the health care system. The grow-ing population of individuals with COPD, comprising an estimated 24 million adults in the US, costs the nation approximately $42.6 billion each year, including $26.7 billion in direct costs and $15.9 billion in indirect costs. 1, 2 In addition, because COPD is a systemic disease, the presence of COPD-related comorbidities increases as the disease progresses, adding significantly to the disease burden.
Maintenance therapies for COPD that are recommended in widely accepted clinical guidelines include long-acting beta-agonists (LABAs) alone, inhaled corticosteroids (ICS) alone, ICS plus LABA, and anticholinergic agents. 3, 4 In various COPD populations, the combination of ICS plus LABA for maintenance therapy, including the combination medication of fluticasone propionate 250 µg + salmeterol 50 µg (FSC), has been associated with a significantly lower risk for COPD-related hospitalizations, emergency department visits, and health care costs compared with ipratropium, a short-acting anticholinergic. [5] [6] [7] [8] [9] [10] [11] Tiotropium bromide, a long-acting anticholinergic, also has been shown to reduce exacerbations and COPD-related hospitalizations compared with ipratropium. 12, 13 To our knowledge, no studies have directly compared both the clinical and economic outcomes of these three maintenance therapies, in particular FSC and tiotropium, in a population of commercially-insured COPD patients, although Dalal et al reported an observational study comparing economic outcomes for FSC, ipratropium, and tiotropium in a Medicare-eligible population. 8 The purpose of this study was to describe and compare the health care utilization and cost outcomes in a patient population aged 40 years and older receiving FSC, a short-acting anticholinergic, or a long-acting anticholinergic as initial maintenance therapy for COPD.
Methods
In this retrospective, observational cohort study, clinical and economic COPD-related outcomes were evaluated in patients with COPD who received one of three medications for initial maintenance therapy for COPD, ie, FSC 250 µg/50 µg, ipratropium alone or in fixed dose combination with albuterol (hereafter referred to as "ipratropium"), or tiotropium.
Data source
Administrative data for January 1, 2002 through June 30, 2009 were obtained from the IMS LifeLink Health Plan Claims Database (IMS Health, Watertown, WA), which contains enrollment and demographic data, health care facility and professional services claims ("medical" claims), and outpatient pharmacy claims from more than 70 US health plans covering more than 40 million patients. The dataset had been deidentified in compliance with the patient privacy regulations of the US Health Insurance Portability and Accountability Act. Facility claims in the LifeLink database include date of service, service location, and International Classification of Diseases, 9th Edition, Clinical Modification (ICD-9-CM) diagnosis and procedure codes. Professional service claims include date of service, service location, and Current Procedural Terminology, Version 4 (CPT-4) procedure codes. Pharmacy claims include the National Drug Code and dispensing date; in addition, quantity and number of therapy days dispensed are provided by most health plans in the database. Most health care claims include billed charges; charges are imputed for claims with missing charges due to capitation arrangements. Enrollment, demographic, medical claims, and pharmacy claims for a given individual are linked using a unique encrypted identifier.
study sample
The study sample comprised patients who were naïve to maintenance treatment. Potentially eligible patients were enrolled in a health plan between January 1, 2004 and June 30, 2009, and had an initial pharmacy claim for one of the maintenance therapies (FSC, ipratropium, or tiotropium) between July 1, 2004 and March 30, 2009. The initial claim date was designated the index date. Eligible patients also met the following criteria: age 40 years or older on the index date; had a primary or secondary diagnosis of COPD (ie, at least one emergency department visit, one hospitalization, or two outpatient visits with a primary or secondary ICD-9-CM code of 491.xx, 492.xx, or 496.xx during the baseline period); had at least one pharmacy claim for an initial maintenance therapy medication (including the index claim) in the follow-up period; had at least six months of continuous enrollment prior to the index date (the "baseline period"); and had 3-12 months of continuous enrollment after the index date (the "follow-up period") to be eligible for the "risk population" analysis and had at least 12 months of continuous enrollment after the index date to be eligible for the utilization and cost population ("cost population") analysis.
Patients were excluded if they had: a pharmacy fill for a study medication (FSC, ipratropium, or tiotropium), budesonide/formoterol, ICS alone, or LABA alone during the baseline period; a pharmacy fill for an alternate initial maintenance therapy medication within 60 days of the index date; or a primary or secondary diagnosis of respiratory tract cancer (larynx, trachea, or pleura; ICD-9-CM codes 161, 161.X, 162, 163, 163.X, 231, 231.X) during the baseline period. To remove outliers, patients were excluded if there was evidence they had more than 30 fills for the initial maintenance therapy medication in a 12-month postindex period or if the cost per 30-day fill of the initial maintenance therapy medication was more than five times the interquartile range above the 75th percentile (a variation on the Tukey outlier test of 1.5 times the interquartile range). 14 
Analysis
Demographic information and utilization records in the baseline period were used to characterize the cohorts, and utilization records in the follow-up period were used to evaluate outcomes.
The measured outcome in the risk population analysis was the time-to-first health care event following initiation of maintenance therapy. Health care events evaluated were COPD-related outpatient visits with an antibiotic or oral corticosteroid prescription within 10 days of the visit, emergency department visit, hospitalization, and emergency department visit/hospitalization (combined endpoint). Outcomes evaluated in the cost population analysis were mean health care utilization, unadjusted costs, and adjusted costs. The categories of health care utilization were COPD-related outpatient visits, emergency department visits, hospitalizations, and outpatient pharmacy. In addition, we examined a combined endpoint of hospitalization/emergency department visit, and for COPD-related outpatient visits we separately examined visits associated with a prescription fill for an oral corticosteroid or antibiotic within 10 days of the visit. The categories of costs analyzed in the cost population were medical costs, pharmacy costs, and total costs. In the analyses of both the cost and risk populations, an emergency department visit that resulted in an inpatient admission was not counted in the emergency department visit category in order to avoid double counting of episodes of care. However, the costs of these inpatient-linked emergency department visits were included when calculating total admission costs in order to avoid underestimation of health care costs.
Cox proportional hazard models were used to assess the risk of COPD exacerbations in the FSC, ipratropium, and tiotropium cohorts of the risk population. Kaplan-Meier survival curves for time-to-first-hospitalization/emergency department visit/outpatient visit (combined endpoint) were also modeled. Outcomes were assessed with follow-up starting 30 days postindex date to ensure patients were allowed adequate exposure to the study medication before attributable outcomes were assessed. Patients lost to follow-up were censored. The models adjusted for age, gender, geographic region, baseline comorbidities, and utilization; factors significant at P # 0.20 and affecting more than 2% of any cohort or deemed clinically meaningful were included as covariates. Appropriate model fit statistics and assumptions were evaluated and assessed. Sensitivity analyses were conducted (results not shown) in which the outcomes were assessed beginning day 1 postindex date, and, in addition to censoring patients lost to follow-up, patients who filled a prescription for an alternative initial maintenance therapy medication prior to the health care event or who filled a prescription for budesonide/ formoterol, ICS alone, LABA alone, leukotriene modifier, or methylxanthine prior to the event were censored.
For the cost population, the mean number of COPD-related health care utilization events, mean unadjusted costs, and mean adjusted costs were calculated. Costs were inflated to 2009 dollars on a monthly basis using the medical care portion of the consumer price index. Generalized linear models with a log-link and gamma family distribution were used to estimate predicted (adjusted) annual costs. The model controlled for differences between the cohorts in age, gender, treatment, comorbidities, and COPD-related health care utilization at baseline. Both absolute adjusted costs and cost differences are reported. The reported absolute adjusted costs are predicted values from the gamma regression models, with significance for mean differences calculated using Wald Chi-square test. Bootstrapping using the percentile method with 1000 sample simulations was used to estimate 95% confidence intervals (CI) for mean adjusted cost differences.
Demographic and other baseline characteristics of the cohorts are described as counts and percentages for categorical variables and measures of central tendency (mean or median and standard deviation [SD]) for continuous variables. P values were calculated using the Chi-square test for frequencies and t-test for continuous variables; the Wilcoxon rank sum test was used for differences in costs. Statistical tests were two-sided, with an α-level of 0.05 for statistical significance. All analyses were conducted using SAS version 9.1.3 or 9.2 for Windows (SAS Institute, Cary, NC).
Results

risk analysis
A total of 43,792 subjects met the inclusion criteria for the risk population; 16,684 in the FSC cohort, 14,449 in the ipratropium cohort, and 12,659 in the tiotropium cohort ( Figure 1 ). Mean age of the cohorts at baseline ranged from 62. 8 shown in Table 1 . The FSC cohort had a higher prevalence of asthma than the other two groups, the ipratropium cohort had a higher prevalence of depression than the FSC cohort, and both the ipratropium and tiotropium cohorts had a higher prevalence of congestive heart failure and hypertension than the FSC cohort (all P , 0.05). The FSC cohort also had the highest percentage of patients with a claim for a short-acting beta-agonist at baseline (25.0% for FSC versus 14.1% for ipratropium and 20.3% for tiotropium; both P , 0.05).
Using the FSC cohort as the reference, both the ipratropium and tiotropium cohorts had significantly higher time-to-first event hazard ratios (HRs) for health care utilization events (Table 2 ). In the ipratropium cohort, the HRs ranged from 1.39 for an outpatient visit with antibiotic to 1.78 for an emergency department visit. The increased risks for tiotropium were slightly lower, ranging from 1.29 for a hospitalization and/or emergency department visit (combined endpoint) to 1.49 for an outpatient visit with oral corticosteroids. In the sensitivity analyses that were conducted using a different follow-up start date (ie, beginning day 1 rather than day 30 after the index date) or different patient censoring criteria, significantly higher risks remained for the ipratropium and tiotropium cohorts compared with the FSC cohort for all four utilization events. The Kaplan-Meier survival curves for any COPD-related health care utilization event are shown in Figure 2 . The curves further illustrate that, on average, the ipratropium and tiotropium groups, in comparison with the FSC group, had shorter times between initiation of therapy and the occurrence of a COPD-related health care event.
Cost and utilization analysis
A total of 32,338 patients met the inclusion criteria for the cost population, comprising 12,595 in the FSC cohort, 10,617 in the ipratropium cohort, and 9126 in the tiotropium cohort ( Figure 1 ). The demographic, clinical, and other baseline characteristics of this cost population (data not shown) are similar to those of the risk population.
A total of 8.9% of patients had either a COPD-related emergency department visit or hospitalization and 34.2% had a COPD-related outpatient visit in the follow-up period; 2.7% had an outpatient visit with oral corticosteroids and 4.9% had an outpatient visit with antibiotics. Mean health care utilization during the follow-up period, including the mean medication possession ratio for each cohort's initial maintenance therapy medication, is shown in Table 3 . The medication possession ratio represents the number of therapy days covered by the dispensed medication fills divided by the days in the observation period. No cohorts had a mean medication possession ratio above 50% for the COPD maintenance medication. The medication possession ratios were lowest for the ipratropium cohort (22%) and highest for the tiotropium cohort (41%). To ensure that the index pharmacy claim represented maintenance therapy initiation rather than a therapy switch, patients in this study could not have a prescription claim for an alternate initial maintenance therapy medication within 60 days of initial maintenance therapy initiation. After the 60-day period, approximately 13% of patients in each cohort had pharmacy claims for an alternate maintenance therapy (patients were followed within their assigned cohort regardless of changes in regimen after 60 days, in concordance with an intent-to-treat approach). COPD-related hospitalizations, emergency department visits, and outpatient visits associated with an antibiotic or oral corticosteroid prescription medication fill can be considered as a reasonable proxy measure of COPD exacerbations. These encounters consistently occurred more often in the ipratropium and tiotropium cohorts than in the FSC cohort (all P , 0.05). Unadjusted mean costs are also shown in Table 3 ; total COPD-related costs for the FSC cohort ($2018) were lower than for the ipratropium ($2809) and tiotropium ($2453) cohorts.
Mean adjusted 12-month COPD-related total health care costs also were lower for FSC compared with ipratropium or tiotropium (both differences P , 0.05) (Figure 3) . The differences in mean adjusted costs are shown in Table 4 ; compared with FSC, total costs were $773 higher for ipratropium and $339 higher for tiotropium.
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Dalal et al Table 3 Unadjusted COPD-related health care utilization and costs associated with initial maintenance therapies in the one-year follow-up period ("cost population") Pharmacy costs include all outpatient prescription medication costs (includes cost of study medication as well as other COPD medications dispensed after the 60-day postindex date window). Abbreviations: FSC, fluticasone propionate/salmeterol combination; na, not applicable; SABA, short-acting beta-agonist; SD, standard deviation; COPD, chronic obstructive pulmonary disease.
Discussion
Previous studies have examined outcomes and costs associated with FSC, ipratropium, or tiotropium in different patient populations, but this is the first study to compare all three maintenance therapies in a commercially-insured COPD population in a real-world setting. In the absence of head-to-head clinical trials, observational studies can be valuable from the health plan perspective. In this retrospective, observational study of initial maintenance therapy for COPD we used medical and pharmacy claims data for 32,338 patients (the "cost population") and found lower health care utilization rates associated with FSC compared with ipratropium or tiotropium. In accord with the generally lower utilization rates, COPD-related health care costs also were lower for FSC than for ipratropium and tiotropium, both total costs and component costs, with higher pharmacy costs of FSC therapy more than offset by lower medical costs. Additionally, a time-to-event proportional hazard analysis of 43,792 patients (the "risk population") indicated that those receiving ipratropium or tiotropium for initial maintenance therapy had a higher risk for earlier occurrence of exacerbations as indicated by COPD-related health care events. Compared with FSC, use of tiotropium was associated with a 49% higher risk for outpatient visit with an oral corticosteroid prescription medication fill, a 33% higher risk for outpatient visit with an antibiotic fill, a 33% higher risk for emergency department visit, and a 29% higher risk for a COPD-related hospitalization/emergency department visit combined endpoint. Adherence to therapy was not high in any of the cohorts, and was similar to values reported in previous studies. 5, 9 During the study period, FSC patients had enough prescription fills to provide therapy for only
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Costs and outcomes of COPD maintenance therapies 32% of the 12-month follow-up period, tiotropium patients had enough for 41% of the period, and ipratropium patients had enough for just 22% of the period.
These findings are in general agreement with several prior studies of FSC and ipratropium as maintenance therapy for COPD. [5] [6] [7] [8] [9] [10] [11] Rascati et al found that, compared with ipratropium, combination ICS/LABA therapy was associated with a 27% reduced risk for any COPD-related event in a cohort of Medicaid enrollees with COPD. 11 An earlier analysis in a Medicaid population found a 35% lower risk for COPD-related hospitalization with ICS/LABA compared with ipratropium therapy. 10 In an evaluation of a higher dosage of FSC (500 µg/50 µg), a 45% lower risk for a COPD-related hospitalization or emergency department visit with FSC compared with ipratropium was reported for a population aged 65 years and older. 7 Others have reported a nonsignificant reduction in total health care costs, but a 41% reduced risk for COPD-related hospitalization or emergency department care with FSC compared with ipratropium. 9 Additional research has found utilization and cost benefits are associated with tiotropium compared with ipratropium. For example, a cost-effectiveness study of tiotropium versus ipratropium found lower exacerbation rates with tiotropium but an increased incremental cost-effectiveness ratio, 12 and a randomized clinical trial of tiotropium versus ipratropium found that tiotropium was associated with fewer exacerbations and an increased time to first hospitalization. 15 In a retrospective, observational study of an older population with COPD, patients aged 65 years and older who received tiotropium as initial maintenance therapy had a 19% increased risk (HR 1.19) for serious health care events (hospitalization or emergency department visit) in the 12 months following therapy initiation compared with patients who received FSC. 16 This is lower than the 29% (HR 1.29) increased risk seen in the somewhat younger population in the present study. In the older population study, mean total costs in the 12 months following therapy initiation were 16% lower in the FSC group than in the tiotropium group, which is the same percent reduction seen in the present study.
We believe our study is the first to compare FSC, ipratropium, and tiotropium in terms of relative costs, utilization, and time-to-first-event risk in a population of COPD patients aged 40 years and older. Tiotropium and LABA are recommended in clinical guidelines as first-line therapies, with the addition of ICS (or ICS/LABA) recommended for repeated exacerbations. 4 In this population of maintenance-naïve patients, those receiving ICS/LABA were slightly younger at baseline than the patients receiving either a short-acting or long-acting anticholinergic agent. This study suggests that initial treatment with the ICS/LABA combination, FSC, results in improved costs and outcomes compared with anticholinergic treatment using tiotropium or ipratropium.
This study has several strengths. One is the large sample size, which allowed a robust head-to-head comparison of three maintenance therapies. We ensured that the risk and cost populations studied were naïve to maintenance treatment in order to assess exposure and outcomes adequately. An intent-to-treat approach was used to reflect real-world practice patterns. We required a 60-day postindex date window during which patients on one study medication could not receive an alternate study medication. This ensured that the treatment a patient was assigned to for analysis purposes did not represent merely a switch in therapy, but was in fact the intended maintenance regimen. After this window, an intent-to-treat approach was employed (ie, patients were followed regardless of adherence or changes in regimen). In the risk analyses, we captured outcomes beginning 30 days after therapy initiation. Immortal time bias, a problem in some survival analyses, does not apply to this analysis, because requirements for cohort entry, drug exposure, and the observable time available between cohort entry and the first outcome event were the same for all cohorts. In addition, to allay concerns about other bias that may have been introduced, we conducted sensitivity analyses in which time-to-event models captured outcomes beginning day 1 following therapy initiation and analyses that incorporated the use of COPD-related medications other than the initial maintenance therapy medication prior to an event. Outcomes in these latter analyses were similar in both magnitude and statistical significance to the primary study model. We also accounted for differences in baseline characteristics between the cohorts by including these characteristics as covariates in multivariable models.
Some limitations of this study should be noted. This was an observational analysis using medical claims data. Because health care claims are limited by a lack of clinical data, COPD severity could not be fully characterized, and some clinical and patient characteristics that might have influenced physicians to provide a particular initial maintenance therapy could not be ascertained. It was observed that a higher percentage of tiotropium patients in the baseline period had a primary, rather than secondary, diagnosis of COPD (as indicated by diagnosis codes in claims data) compared with FSC and ipratropium patients, possibly indicating these patients had more severe, symptomatic, or otherwise more clinically recognizable disease. Although our model controlled for these baseline differences, some residual confounding may be present. It is also possible that physicians are less likely to prescribe FSC than ipratropium or tiotropium for patients with relatively more comorbidities; our data show that the FSC cohort had a somewhat lower mean prevalence of several comorbidities than the ipratropium and tiotropium cohorts. Thus, it is possible that the utilization and cost differences seen are due to underlying differences in the health status of the cohorts rather than to the therapeutic agent. In addition, some confounding may have occurred with respect to the particular initial maintenance therapy medication a patient received. While patients were not allowed to have a prescription fill for an alternative initial maintenance therapy medication within the first 60 days following initiation of therapy, they could have such a fill thereafter, and approximately 13% of each group did fill a prescription for an alternate initial maintenance therapy medication. However, because this crossover was similar in all three groups, any potential bias from crossover is likely to be minimal. Prior research has found that 95% of COPD cases identified from claims data are confirmed by information contained in the patient's medical record, such as pulmonary function tests, chest x-ray, smoking history, and physical findings. 17 Nonetheless, the possibility remains that in some cases asthma may have been misclassified as COPD (and vice versa) at the clinic level and the inaccuracy carried over into claims data. Finally, as noted earlier, the benefits of ICS/LABA combination therapy have been demonstrated in several studies, but recent studies have also investigated the efficacy of combining tiotropium and ICS/LABA therapy (triple therapy) in patients with severe COPD. 18 Although triple therapy may provide additional benefits, investigation of this form of combination treatment for severe COPD was beyond the scope of our study.
To our knowledge, the present study is the first to compare health care utilization and costs between these three maintenance therapies for COPD in a commercially-insured patient population. We found that adjusted COPD-related utilization and costs were lower with FSC than with either ipratropium or tiotropium. In addition, time-to-first-event risks were improved with FSC compared with other maintenance therapies. These findings suggest that initial maintenance therapy with FSC may offer clinical and cost benefit in comparison with short-and long-acting anticholinergics. Considering that the primary goal of COPD management is the prevention and reduction of exacerbations and that this study shows that patients receiving FSC had lower risk for COPD exacerbations, maintenance treatment with FSC may offer some clinical benefits.
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